1 0 1 1
1 3 0 CFU mL -1 . Aliquots of the bacterial cultures were exposed to equivalent concentrations of gold and silver 1 3 1 NPs obtained by serial dilutions of the colloids. The initial concentration of both Au and Ag nanoparticles 1 3 2 was 14.5 μ g mL -1 . The MIC was defined as the minimum concentration of nanoparticles that inhibit the 1 3 3 bacterial growth in liquid medium after an incubation period of 16 h at 37° C. The effect of gold and 1 3 4 silver nanoparticles on bacterial growth was visually analyzed on agar plates. The solid medium 1 3 5 contained meat extract (5 g L -1 ), yeast extract (5 g L -1 ) and agar (15 g L -1 ). The agar plates (85 mm 1 3 6 diameter) were seeded with an aliquot (100 μ L) of 1 × 10 8 CFU mL -1 of MG1655 cells and exposed to dispersion of biogenic AuNPs (Fig. 1a ). No viable cells were detectable after the biosynthesis process, detected and accumulation of a dark sediment was observed ( Fig. 1a) . Viable E. coli cells were not The potential reduction of Au(III) ions and production of biogenic AuNPs by the secretomes of 1 5 4 strains CH34 and MG1655 was studied. Incubation of both bacterial secretomes with Au(III) ions did not 1 5 5 6 developed a purple color and appearance of an insoluble yellow gold complex was observed (not shown). The visible spectrum of the supernatants of CH34 cultures obtained after incubation with Au(III) 1 6 0 ions showed a maximum absorbance peak at a wavelength of 536 nm (Fig. 1b) . No absorbance was 1 6 1 detected in the supernatants of E. coli MG1655 cells ( Fig. 1b ) and the secretomes of both strains. These The biogenic colloid obtained with CH34 cells was characterized by light scattering dispersion presents a Z-Ave of 126.4 nm ( Fig. 2a) with an associated zeta-potential of -0.25±3 mV. Therefore, the biogenic colloid has a concentration of 1.68 ൈ 10 9 particles mL -1 .
7 2
The stability of the biogenic AuNPs colloid after exposure to ultrasound, extreme pH conditions stability of the colloid was also evaluated in the presence of highly acidic (pH 1) and alkaline (pH 10) Finally, the presence of elevated ionic strength (500 mM NaCl) showed no-effect on the size distribution, The degree of crystallinity of the biogenic gold nanoparticles was determined by powder X-ray planes indicate that the biogenic gold nanoparticles have a face-centered cubic (fcc) crystalline structure. The calculated lattice constant (a) using the distance value (d) associated to the {220} diffraction planes The morphology and size distribution of the biogenic AuNPs were studied by transmission 1 9 9 electron microscopy. The morphology of the biogenic AuNPs was dominated by decahedral and triangular 2 0 0 nanostructures (Fig. 3b ). The metallic core of the biogenic AuNPs showed diameters ≥ 10 nm, with 85% metallic material with a width of ~ 4.5 nm ( Fig. 3b (Inset) ). These structures could be organic capping 2 0 5 ligands adsorbed on the surface of the biogenic AuNPs. Energy-dispersive X-ray analysis of biogenic AuNPs showed the presence of sulfur atoms 2 0 7 associated to AuNPs (Fig. 4a ). Afterwards, the chemical nature of the biogenic AuNPs was characterized 2 0 8
by FT-IR spectroscopy (Fig. 4b ). The absorbance spectrum of the biogenic AuNPs showed several peaks 2 0 9
that correlate with the molecular vibrations of functional groups from proteins; therefore, the biogenic 2 1 0
AuNPs spectrum was analyzed based on the FT-IR spectrum of bovine serum albumin [26] . The broad 2 1 1 band between 3700 and 3000 cm -1 corresponds to the vibrations of water molecules and protein functional 2 1 2 groups. The higher peak at 3450 cm -1 corresponds to the OH··· stretching vibrations of residual
The following absorption bands at lower energy correspond with the amide A group of vibrations. the bending modes of the hydrogen bond acceptor (δ N-H …; 1550 and 1520 cm -1 ) and hydrogen bond non similar absorbance pattern has been described when albumin is adsorbed onto chemically synthetized
AuNPs [27, 28] . The absorption band between 1400 and 1360 cm -1 corresponds with the symmetric 2 2 5 stretch (ν S COO -) of the carboxylate groups of Asp and Glu residues. These global data suggests that 2 2 6 dispersion of biogenic AuNPs synthetized by the strain CH34 are covered by a layer of proteins. The effect of biogenic gold and silver NPs on bacterial cell growth was compared. In this study, stable dispersions of AuNPs were produced after reduction of Au(III) ions by C. The results indicate that the mechanism of Au(III) reduction during the biogenic synthesis of and are absent in strain MG1655. We propose that the reduction of Au(III) ions and production of ions present in the extracellular space. It is proposed that extracellular Au(III) ions oxidize the sulfur atom 2 6 3 of the methionine residues into methionine-sulfoxide. This event has been described for methionine that finally evolve into extracellular AuNPs dispersions (Fig. 6) . Moreover, redox cycling enzymes, like containing residues. In this manner, this analysis suggests that redox cycling of the Met residues of CopA Analysis of electron microscopy images showed that nanoparticles morphology was dominated 2 7 3 by decahedral and triangular structures. The origin of these structures may occur by interaction of ultra- the surface area allowing the formation of decahedral structures [39] ( Fig. 3b and Fig. 6 ). On the other 2 7 7
hand, the presence of major triangular nanoplates has been attributed to a slow kinetic process during the 2 7 8 nanoparticles formation [42] . After long periods, the interaction of decahedra like structures serve as 2 7 9
nucleation centers that finally evolve into triangular and truncated triangular structures. We propose that 2 8 0 the synthesis mechanism of biogenic AuNPs involves an initial step where small tetrahedral nanoparticles like nanoplates present a {111} crystallite structure [40, 43, 44] . As the surface area of these 2 9 0 nanostrucutres is dominated by {111} diffraction planes, we propose that morphology of the biogenic 2 9 1
AuNPs contains the information that enhanced the signal of the (111) diffraction plane, leading to a XRD 2 9 2 spectrum dominated by {111} diffraction planes as described above.
9 3
Comparison of the size distribution of biogenic AuNPs obtained by light scattering 2 9 4 measurements using two different technologies showed similar results. Dynamic light scattering 2 9 5 measurements indicated that the Z-Ave of the particles was 126.4 nm, whilst NTA indicated that the mean 2 9 6 diameter of the distribution was 124 nm. These results do not correlate with size distribution deduced 2 9 7 from TEM images (average diameter of 37.1 nm). The difference between diameters determined by TEM detected as an average of major sized nanoparticles complexes [28, [45] [46] [47] . Therefore, size distributions and are not captured in TEM images [48] . The stability of the biogenic AuNPs colloid was determined by exposure to ultrasound, extreme and reveals the presence of basic functional groups located at the surface of the nanoparticles. Exposure 3 1 8
to an acidic environment reduced the hydrodynamic diameter and increased the PdI of the colloid. We propose that low pH conditions generate a re-distribution of the interacting nanoparticles population.
Protonation of basic groups of the capping ligands increase the electrostatic repulsion of at least one 3 2 1 fraction of the interacting nanoparticles. This process probably generate a novel group of non-interacting 3 2 2 nanoparticles that splits the population distribution and is detected as a reduction in Z-Ave and an nanoparticles that splits the former population distribution and is detected as an increment in both Z-Ave 3 2 7
and PdI of the biogenic colloid. The presence of high concentrations of NaCl did not alter the size The stability mechanism of the biogenic colloid was studied by electrophoretic and DLS shields the electrostatic repulsion between the particles, and induces flocculation and increment in the Z-3 3 7
Ave of the colloid. The ζ -potential of biogenic AuNPs synthetized by strain CH34 was ~ 0 mV (-0.25±3 3 3 8 mV), and Z-Ave did not change in the presence of 500 mM NaCl (Table 1 ). These results indicate that the 3 3 9
biogenic colloid is not stabilized by electrostatic repulsion forces, and suggests that the stability 3 4 0 mechanism is based on the steric repulsion between the capping ligands of the nanoparticles. ions during the biosynthesis process and a mechanism for the production of extracellular AuNPs by strain 
